Ribotyping is a method used to type strains of bacteria by analyzing the restriction enzyme digestion patterns of the rRNA genes. This method was applied to 126 strains of Helicobacter pylori from 100 unrelated symptomatic patients who had endoscopies done and to 15 strains from 15 infected subjects from seven families. Analysis of the rRNA gene patterns revealed 77 distinct ribotypes from the 100 patients. From 15 of these subjects, isolates were recovered from antral mucosal biopsies at follow-up endoscopy. All follow-up isolates from the same patient, with one exception, yielded identical digest patterns. This patient had strains with two distinct digest patterns obtained from a set of three isolates cultured from biopsy specimens taken at different times. Five patients who had isolates recovered from different sites in the stomach (antrum, gastric body, duodenum, and pyloric channel) showed ribotyping patterns which were identical for each patient yet distinct between patients. In seven family groups studied, identical digest patterns were detected in members of two families, with variability in strains detected among members of the remaining families. This study demonstrates that ribotyping provides a useful, reliable, reproducible, and highly discriminatory typing scheme for the study of H. pylori infection.
Helicobacter pyloni, first recovered from gastric biopsies by Warren (24) and Marshall (14) almost a decade ago, has now been identified worldwide as a common infection involving the upper gastrointestinal tract. This organism is the cause of type B gastritis (15, 21) , plays a significant pathogenic role in duodenal ulcer disease in humans (7, 9, 10, 12) , and may yet prove to be of importance in the etiology of some gastric cancers (19, 20) . However, little is known about the natural history, pathogenic mechanisms, and mode(s) of transmission of this organism. The source of infection has not been established so far, although it is most likely spread from human to human. The paucity of knowledge in these areas is in part due to the lack of a reliable universal typing method. Classical typing schemes for differentiating bacterial strains within species, such as biotyping, serotyping, and phage typing, appear to be unavailable for this organism. Other alternative typing methods, such as immunoblot fingerprinting (4), plasmid profile typing (6, 23) , and restriction endonuclease analysis of chromosomal DNA (11, 23) , have been used recently to discriminate strains of H. pyloni. rRNA gene restriction patterns have been used successfully to differentiate organisms such as coagulase-negative staphylococci (3) and Salmonella typhi (1) and recently in a small-sample study of Helicobacter spp. (18) . In this study, we have extended the sample population and applied the technique in a clinical setting by investigating 100 symptomatic unrelated patients and seven families (15 subjects) who were culture positive for H. pyloni.
MATERUILS AND METHODS
Patients. (i) Part A. One hundred culture-positive patients (excluding the family groups) were enrolled for this study. The clinical diseases in these patients included nonulcer * Corresponding author. dyspepsia (37 patients, including 2 with gastric erosions and crythema and 10 with duodenal erosions and erythema), duodenal ulcer (37 patients), gastric ulcer (18 patients), esophageal reflux (5 patients), and carcinoma of the stomach (3 patients).
(ii) Part B. Subjects from seven families (15 subjects) werc entered into the study. The clinical profile of each subject is shown in Tablc 1. The subjects in familics 1, 2, and 5 werc living together at the time of endoscopy. The subjects in family 3 had nevcr lived together, with all other families living together for a minimum of 18 years.
Isolation and identification of H. pylori. Gastric mucosal biopsy specimens obtained at routine endoscopy were finely minced with a sterile scalpel blade and then vortexed at high speed in 1 Fig. 1 and 2 . The ribotyping patterns obtained from HindlIl digests consists of 2 to 6 bands, while 4 to 10 bands were observed when restriction enzyme HaeIII was used. Variability among strains was demonstrated with individual patients, as shown in Fig. 1 , by using Hindlll digests. Figure 2 shows corresponding patterns of HaeIII digests using the same set of isolates. The DNA was extracted from 40 isolates on several occasions from different subcultures with consistent, reproducible, and identical results obtained with HindlIl and HaeIII when ribotyping was repeated.
From the 100 subjects (excluding the family groups), 77 distinct ribotyping patterns were obtained using restriction enzyme HindIII. Thirty-six subjects shared identical digest patterns with others and were grouped as shown in Table 2 . Subjects with different upper gastrointestinal diseases shared identical ribotyping patterns, as shown in Table 2 . The remaining 64 patients had distinct ribotyping patterns which were independent of each other. Multiple isolates were recovered from gastroduodenal mucosal biopsies of 15 patients taken at follow-up endoscopies. The time intervals between collection of biopsy samples are shown in Table 3 . Nine of these patients had H. pylori isolated on two occasions, while five patients had the organism isolated on three occasions and one patient had the bacterium recovered from four consecutive biopsies over a period of 7 months. Of this group of patients, eight had duodenal ulcers, five had gastric ulcers, and two had multiple duodenal erosions. All ulcer patients were treated with histamine-2 receptor blockers, The use of rRNA gene restriction patterns as potential taxonomic tools was first proposed by Grimont and Grimont (8) . Adopting the same approach, many workers have successfully used this ribotyping method to differentiate organisms such as Salmonella typhi (1) differentiate strains of H. pylon and has been found to be specific and reproducible. This method is useful if applied to a small number of strains for comparative studies, but comparing electrophoretic patterns consisting of up to 1,000 bands is difficult for a large number of strains without the help of expensive, sophisticated scanning devices incorporating pattern-matching software which is not readily available. In the present study, we have found that ribotyping, which produced 2 to 10 DNA bands of digest patterns, was The present study utilized the plasmid pKK 3535 probe which encodes 5S, 16S, and 23S RNA and tRNAGlU genes of E. coli to study the restriction site heterogeneity of H. pylon strains. The fact that 77 ribotypes were obtained from 100 unrelated patients suggests that the H. pylon isolates were heterogeneous and represent a wide diversity of genetic patterns. These findings confirmed previous observations by several investigators (11, 13, 23) (11) . Our results with only one culture consisting of two morphologically distinct colonies demonstrated identical ribotyping profiles, confirming the findings of Langenberg et al. (11) that these isolates are genetically identical strains even though they exhibit different colonial morphology.
The mode(s) of transmission of H. pylori is yet to be determined. Current evidence provided by the high prevalence of H. pylon antibody status of family members of an infected individual (5, 16) and in gastroenterologists (17) would suggest human-to-human spread via fecal-oral and/or oral-oral transmission. More-precise studies by typing strains isolated from family members have been provided by several investigators recently using DNA restriction endonuclease analysis; however, the sample population was usually small (13, 22, 23 
